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Survey of helium in natural water wells and springs 

in southwest Montana and vicinity

A relation between helium concentrations in underground water and earth­ 

quakes in locations subject to severe earthquakes has been discovered. This 

study monitored the helium concentration of ground water to determine whether 

it may be possible to predict an earthquake days in advance of its occurrence.

Since the area around Hebgen Lake, Montana, is seismically active, it was 

considered a good location to test this method of earthquake prediction. A 

number of water wells and springs were selected for periodic sampling (fig. 1). 

The selection was made on the basis of several factors, including proximity to 

the epicenter of the Hebgen Lake earthquakes, depth of the well, helium con­ 

centration in the well or spring, and the availability of volunteer sample 

collectors.

The volunteers agreed to mail into our laboratories the water samples 

they collected daily or bi-daily. The equipment they were provided to collect 

the samples consisted of a water faucet to connect to a garden hose and a rub­ 

ber septum, which permits a hypodermic needle to be inserted into it to with­ 

draw water into a 10 ml plastic hypodermic syringe. A line inscribed on the 

syringe indicates a volume of 9 ml, the amount to be collected each day. After 

filling the syringe to the mark, the water was immediately transferred to an 

evacuated glass tube sealed with a butyl rubber stopper. These tubes (origi­ 

nally manufactured for the collection of human blood samples) are received 

evacuated to about 1/5 atmosphere. After the sample was transferred from the 

syringe to the glass tube, the small hole in the stopper was covered with 

silicone rubber sealant to prevent possible loss of gas. The date of collec­ 

tion was then written on the tube. When five such tubes were filled, they were 

placed in a molded styrofoam box, inserted into a cardboard sleeve and sent 

to the laboratory for analysis.



Table 1 is a description of each spring or well sampled for this report. 
Table 1   Localities of helium sampling stations

Station No, Station Name Address Comments

300 Miller

301 Beer

303
304

305

306

308

309

Ear Spg. 
Scissors spg,

McAtee 

Beartrap

Lapp 

Povah

310

312

Chico

Bathtub

Dick Miller
River Route
Box 17
Gardiner, Mont. 59030

U.S.G.S.
Box 1049
West Yellowstone,Mont.
59758

Margaret Short
Old Faithful Visitor's
Center, Yellowstone
National Park, Wyoming
82190

Leonard McAtee 
Cameron, Mont. 59720

Mike Zankowsky 
P.O. Box 24 
Norris, Mont. 59745

Alien L. Lapp 
Box 503
West Yellowstone 
Montana 59758

Pat Povah 
Deep Well Ranch 
West Yellowstone 
Montana 59758

Eve Art
Chico Hot Springs
Pray, Mont. 59065

Paul Miller 
River Route 
Box 17
Gardiner, Mont. 
59030

58.5 m (192 ft) deep; well pump 
at 50.3 m (165 ft) pumped conti­ 
nuously at 7.6 1pm (2 gpm); water 
temp. 67°. This we.ll is about 
300 m from a small warm spring, 
and 1000 m from La Duke Hot 
Springs, a large hot spring. The 
water is high in fluorine and 
i ron.

This well is 61 m (200 ft) deep 
and is a water source for ser­ 
vice facility at Yellowstone 
National Park entrance.

Two hot springs near Old 
Faithful geyser.

61 m (200 ft) deep; domestic 
water supply.

Large hot pool used for bathing.

Town well, 67.7 m (222 ft) deep; 
cased to 45.7 m (150 ft).

274 m (900 ft) well, artesian 
flow with 1.8 m (6 ft) head.

Hot spring.

Large warm pool at top of 
Mammoth Hot Springs, Yellow- 
stone National Park.



The water samples were analyzed for helium in the laboratory at the 

Denver Federal Center on a Dupont Instruments model 120 SSA mass spectrometer.!' 

A liquid-nitrogen-cooled charcoal trap in the inlet system of the mass spectro­ 

meter prevents most other gases and water vapor from entering the spectrometer 

but allows the helium to pass through.. The glass blood sample tubes have a 

volume of 13 milliliters; the ullage space of about four milliliters above the 

water sample contains 2.6 ml of air (NTP) as well as the helium released from 

the water sample. The ullage gas was removed into an empty glass hypodermic 

syringe by displacement with water that had been in equilibrium with air. The 

water was introduced into the glass sample container through another needle 

connected to a bottle of water under slight air pressure. The gas in the glass 

syringe was admitted to the spectrometer through the forementioned cold trap. 

The output signal from the spectrometer was recorded on a strip chart recorder. 

This signal was compared to the recording produced by a reference gas with a 

known amount of helium. The reference gas was run first on the spectrometer, 

then an ambient air sample was run, followed by an unknown water sample, and 

then another air sample. This series of analysis takes about three minutes. 

After five water and air samples were run, the reference gas was re-analyzed. 

The difference between the reference gas and each unknown sample peak height 

and that of the ambient air was measured. By comparing the reading of each 

unknown sample to the reading of the reference gas the concentration of each 

unknown sample was calculated and expressed in ppb (parts per billion) or ppm 

(parts per million) above the concentration of ambient air.

Figure 1 is a map showing the locations of the helium sampling stations 

and seismic stations.

  The use of a commercial trade name is for descriptive purposes only and does 
not constitute endorsement of the product by the U.S. Geological Survey.



Graphs for the 10 stations accompany this report; they show the helium 

concentration expressed as ppm or ppb helium above that of air (5.2 ppm) per 

ml of water, as a function of collection date for each station. Julian-calen­ 

dar dates as shown on figs. 2-36 can be converted to Gregorian dates (see 

fig. 37). Each graph covers a period of six months. Most stations show data 

for samples collected beginning in September, 1977 and continue to July, 1979. 

Where there are straight lines between more than consecutive days there was 

no data for those days. With the exception of station 300, the data does 

not show any large deviation. Most stations have a helium content of 400 ppb/ml 

or less. Station 306 varies from 600 to 2000 ppb/ml; it is difficult to get 

a satisfactory sample from this hot spring and we have discontinued collections 

at this site.

The graphs for station 300 have marks along the date line which indicate 

when an earthquake of 3.0 magnitude or larger on the Richter scale occurred 

and the letter corresponding to the location of the seismic station shown on 

the map closest to the epicenter. The most intense earthquake during this 

period had an intensity of 4.7 and occurred October 19, 1977. Data are plotted 

on the first graph several months proceeding and following the quake. Note 

that the helium values fell to almost zero about 17 days preceeding the quake, 

and rose to very high values just after the earthquake. The two years that 

followed this earthquake have been seismically quiet. However, beginning on 

March 15, 1979, the graph for station 300 shows a sudden, large helium increase 

with large fluctuations. These fluctuations may be due to sample collection 

problems. At this time we have no explanation for the higher average helium 

content.

This is the first report of information from an ongoing project to test 

the validity of using changes in the helium content of ground water as a 

precursor of major earthquakes. The majority of this first data shows no



great variations; there were about 13 earthquakes of magnitude 3 or greater, 

and only one of 4.7 magnitude in the area under study during this reporting 

period.
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July through December, 1977.
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Figure 8. Helium concentrations in water samples, West Yellowstone, Montana, 
January through June, 1978.
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Figure 10. Helium concentrations in water samples, West Yellowstone, Montana, 
January through June, 1979.
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Figure 11. Helium concentrations in water samples, Yellowstone National Park, 
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16



HELIUM IN PPB/ML

03 
a

(0a a a a
ui a a

CD a a a a a a
51
(9 
C9

55

73
!

CD 
Xj

00

91 ..

m
Q

CO
"D . 
1

109 -.

127,.

145
i

CO

Q

H-

0
 f 
_^

CO 

CO

163
i

181 i

Figure 12. Helium concentrations in water samples, Yellowstone National Park, 
Wyoming, January through June, 1978.
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Figure 17. Helium concentrations in water samples, Cameron, Montana, July 
through December, 1978.
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Figure 18. Helium concentrations in water samples, Cameron, Montana, 

January through June, 1979.
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Figure 27.--Helium concentrations in water samples, West Yellowstone, Montana, 
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Figure 29. Helium concentrations in water samples, West Yellowstone, Montana, 
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January through July, 1979.
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Figure 34. Helium concentrations in water samples, Yellowstone National Park, 

Wyoming, January through June, 1978.

39



HELIUM IN PPB/ML

182

0) 
s 
a

CO
B
B

B
S

in
B 
B

CD 
B 
B

i\J

B 
B

ro
 tk 
B 
B

ro
V]

B
B

U) 
B 
B 
B

200 ..

219 ..

237 ..

255 ..

CD 
vj 
00

274 ..

292 ..

310 ..

328 ..

347 ..

365 i

CD 
Q

T-

cr
CO<+ 
Q ct
H-

0
3

00
I *

ro

Figure 35.--Helium concentrations in water samples, Yellowstone National Park, 
Wyoming, July through December, 1978.

40



HELIUM IN PPB/ML

51

0) 
SI 
SI

    1     

0)si es
.    i   ,

(0

.    i    

>-» 
w si si

   1_. .,..,

H»
U1 
SI 
SI 

....... 1    .....

i-» 
CDes cs 

.,...._!   .,.._.

N>-  
es ta 

  . ,j   

IV)A ta ca
  i    

IV)
-si

ca ca
  i    

0)cs
SI 
SI

   i

19 ..

73 ..

CD 
Vj
CD

91 ..

109 ..

127 ..

145..

163 ..

181 1

00
Q
&
T 
<f 
C
cr

0
3

0)\  * 
ro

Fl9ure 36--to%rs;r^f! T^: %%} *- Yellowstone Nationai park -
41



JULIAN DATE CALENDAR
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Figure 37.--Chart showing correlation of Julian and Gregorian calendar
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